The present study was undertaken to determine the prevalence of diabetes in the rural population and to identify the major risk factors that may be the cause for increase incidence in rural population. METHODOLOGY: A study population comprising of 1022 individuals in the Malwan area of Sindhudurg district of Maharashtra, age >20 years were selected for investigation. These individuals were analyzed for their biochemical parameters by Standard Randox kits. Both fasting blood glucose and post 2-hour glucose after 75 gm of powdered glucose intake were analyzed. Baseline clinical data like height, weight and blood pressure as well as family history were recorded by the standard methods. RESULTS: The prevalence of diabetes (i.e., fasting blood glucose) as per the WHO criteria was 9.3% while it was 8.9% per ADA criteria. The prevalence according to 2-hr post-glucose blood glucose was 9.3%. The prevalence of IGT was 2.25% in subjects <50 years and 1.12% in subjects >50 years. IGT values also increase with increasing age and BMI. The accepted normal fasting and 2-hr post glucose blood glucose values are <6.1 mM/l and <7.8 mM/l. From our studies (N = 1022) we found the mean fasting glucose blood glucose was 5.31 ± 1.99 mM/l while 2 hr post glucose, blood glucose increased to 5.66 ± 4.09 mM/l. The mean fasting glucose in 95 diabetic individuals was 9.37 ± 4.43 mM/l and the 2 hrs post glucose blood glucose was 14.85 ± 8.51 mM/l, which was found to be highly significant. CONCLUSION: It was observed that the mean blood glucose in diabetic patients was 9.37 ± 4.43 mM/l with a prevalence rate of 9.3% which is highly significantly in the rural population. Compared to the general risk factors found in the urban populations we found that the increase in age and BMI could be the risk factors. Further studies focused on the genetic predisposition to diabetes need to be done.
Introduction
The global prevalence of type 2 diabetes (DM) is expected to rise to double in 2025. With urbanization occurring rapidly there is increased risk of diabetes in the younger age group. It is observed that India and other countries in Asia have also been experiencing an increase in the prevalence of type 2 diabetes and cardiovascular disease. In the seventies, migrant Asian living in different parts of the world has shown a higher prevalence of diabetes then other ethnic groups living in the same countries. This was attributed to the changes in the environmental factors such as increased affluence that may unmask a genetic or racial tendency for diabetes. [1] The prevalence of type 2 DM in urban Indian adults has increased from < 3% in 1970s to >12% by 2000, while that in rural population has increased to almost 7%. It is observed that India has the largest number of diabetics than any other country. It is predicted that by 2025 India will harbor more than 60 million diabetic patients and that cardiac diseases would be the leading cause of death i.e., 1 out of 4 individuals will be an Indian diabetic in the world while 3 out of 4 will be from the developing countries. [2] It is observed that this increased percentage has been ascribed to the rapid changes in the demographic, nutritional as well as the socioeconomic factors i.e., transition phase. The inverse relationship of birthweight and the risk of diabetes and metabolic syndrome could be applied as one of the factors. It has been observed that mothers in rural India are small and are thought to be undernourished because of low BMI. Indian babies are the smallest in the world and that 1/3 of the Indian population have low birth weight of < 2.5 kg. It is thus possible that maternal and fetal undernutrition could contribute to the epidemic of diabetes in urban Asian countries. The urban Indian babies are better nourished than those of rural population. [3] [4] [5] It is observed that if the mean birth weight is between 2.6-2.9 kg the subject population is found to have 5 times greater susceptibility to diabetics. Studies showing increasing trend in the number of diabetics in the urban and rural Indians during the last 5 years is shown in Table 1 .
Going through all the above epidemiological studies, we thought it best to do some more surveys in the rural areas and compare the data with the urban values. It would be very important to find the risk factors that would help us to curb the increased prevalence of this disease. Hence, a study was undertaken in the Malwan area, a coastal region of Sindhudurg district of Maharashtra state to find out the major risk factors that contribute to increase in the prevalence of diabetes.
Malwan is a small town with a scanty population situated 500 km away from Mumbai and about 150 km from Goa. The area population is 150/sq km. The two Compared to sedentary life style of urban population the rural population followed a more laborious work habits in their daily life, including agriculture, fishing, poultry and cow herding. Vast majority of Indian population resides in the rural areas and have very little access to health care facilities. This study was therefore undertaken to study the risk factors in Malwan area, as one of the observations was the regular use of insulin in a large percentage of diabetics in that area.
Methodology
A total of 1022 individuals of the Malwan area situated in Sindhudurg district of Maharashtra state comprising of 469 males and 553 females were screened for their biochemical parameters. Their age ranged from 20-70 years. All the subjects underwent the oral glucose tolerance test with pre and post 2 hour collections of blood after intake of 75 gm of glucose. A fasting glucose value of 6.7 mM/l was taken as a normal tolerance limit. The routine biochemical marker studies included triglyceride, cholesterol, HDL-cholesterol, as well as height, weight and waist measurements. Blood pressure also included the systolic and diastolic pressures. Impaired glucose tolerance was also detected when post glucose was found to be greater than ≥ 140 mgm% and < 200 mgm% according to WHO criteria. Fasting glucose ≥ 110 mgm% and < 126 mgm% indicated impaired fasting glucose. All these tests were conducted using Randox kits from USA and the results read on the spectrophotometer. Insulin levels were detected by the routine radioactive kits from BARC and the insulin values were calculated after taking the readings on the Gamma Counter. The data was then analysed using the student 't' test.and the HOMA IR values.
Results
From Table 2 , it is observed that as the age increases the number of individuals showing signs of diabetes also increases and hence the percentage of individuals showing diabetes thus increases. The mean glucose levels thus increases showing a significant correlation of increased percentage of diabetes (P<0.001). Table 3 depicts the differences in the NGT, IGT and DM subjects showing the changes with respect to BMI, the age and ratio in the percentage of male versus the female. According to WHO as well as the ADA criteria there is no significant change in the percentage of these values in any of the group. Thus from our studies it is obvious that diagnosis can be made by any of the criteria. Table 4 shows prevalence of impaired fasting glucose as well as impaired glucose tolerance test. The overall percentage in T2DM was around 9.3% being similar in male and female.
From the Table 5 it is observed that out of 1022 screened, the history of DM was found in 66 individuals showing prevalence rate of 9.3% while the incidence rate being 4.7%. Similarly patients with HT showed increased prevalence with 40.1% and incidence rate of 27.3%. Thus it is obvious that the prevalence of IFG, IGT and T2DM does not depend on the family history of DM and hypertension. Similarly there is no difference in prevalence rate in males and females. No significant correlation has been found which shows consistency in results when compared to the data presented by Ramchandran et al. (1997) From Table 6 it can be observed that age specific prevalence of T2DM, IFG as well as IGT showed an increasing trend with the increase in age.
The levels of cholesterol, systolic blood pressure, fasting plasma glucose in females is found to be slightly higher in the female rural population than the males. There is significant difference in the male and female values for waist as well as for HOMA IR (P<0.001). 
Discussion
A study conducted by Diabetes Research Centre in Chennai, India reported a prevalence of diabetes to be about 5.9% in semi-urban areas which is midway between urban (11.6%) and the rural (2.4%). [6] A recent survey in a rural area in 2003 showed indications of transition in the lifestyle of rural population and striking increase in the rate of prevalence of diabetes was noted (6.3%). [7] [8] [9] Similarly, a study conducted in 13 rural villages of Thailand about 500 km from Bangkok showed prevalence of diabetes around 6.7%. This high prevalence was attributed to aging, increased BMI as well as decreased physical activity. [10, 11] Rural population of Malaysia showed an increased prevalence rate from 3.9 to 12.2% over a study period of 10 years
. [12] That in Bangladesh showed prevalence of diabetes to be 4.5% and prevalence of impaired glucose tolerance (IGT) being about 7.7% which showed an association with BMI. [13] Surveys from Pakistan showed prevalence of DM to be between 11-17% and IGT about 25%. [14] Our study shows that the incidence rate is 4.7% while the prevalence is 9.3%.
Studying the socioeconomic risk factors on the differences in the prevalence of diabetes between rural and urban populations in Bangladesh, the prevalence of type 2 diabetes with age adjusted to 30-64 years and the percentage prevalence of 7.97% with 95 CI in the urban and 3.84% with 2.6 CI in the rural population. Adjusting for age, sex, social class the prevalence of type 2 diabetes, there was no significant differences in the rural population. Increased age, higher socioeconomic class and higher WHR were proven to be independent risk factors for glucose intolerance in either area. [15] [16] [17] From our data we observed the increasing trend of diabetes in the older age group. It is known that the prevalence of diabetes increases with increasing family history of diabetes. The prevalence of diabetes among offspring with one diabetic parent was 36% which increased to 54% with positive family history. A study conducted showed prevalence rate of 62% and risk of 73% when both parents had diabetes . [18, 19] A number of factors contribute towards the increase in the risk of diabetes but there may be a marked difference in the rural and the urban population. [20] [21] [22] Type 2 diabetes. The main factors being: 1) Socioeconomic influences: Low educational status and the lack of health care facilities in the rural areas delay the diagnosis of diabetes until severe complications develop. More than 70% of diabetic subjects remain undiagnosed in these areas. Studies in India showed a low prevalence of diabetes and were found to be low in the lower income group than the wealthier groups. This being due to high level of physical activity and the lower consumption of refined foods by the poorer people. People residing in Malwan were less educated and were found to be in the lower income group. 2) BMI: It is observed that people of the lower socioeconomic status had lower BMI. In the higher socioeconomic groups diabetes, obesity, dyslipidemia and central obesity, especially in the females. 3) Effect of Urbanization: Urbanization leads to unhealthy lifestyle changes which adversely affect the metabolic changes. The prevalence of diabetes seems to increase two fold higher in urbanized areas in India then the rural. This was due to the development of industries and the lifestyle changes. 4) Racial disposition: There is higher incidence of glucose intolerance in our migrant Asian Indians when compared to local population. 5) Familial Aggregation: High prevalence of diabetes in the first degree relatives as well as vertical transmission through more than two generations is commonly seen in Asians Indians. The prevalence of diabetes increases with increasing family history of diabetes. According to literature, it is seen that obesity and upper body adiposity show familial aggregation. The same is reverse in the rural population where laborious work helps to lower the incidences of obesity and central obesity. It is seen that Indians have a genetic phenotype characterized by low body mass index, but high upper body adiposity, and high body fat percentage as well as high level of insulin resistance. With a high genetic predisposition and the high susceptibility to overcome environmental conditions the Indian population faces a high risk for diabetes and its associated complications.
Our findings suggest that the obesity, especially central obesity is related to the prevalence of type 2 diabetes as the BMI showed significant association. Future studies need to be conducted to determine whether genetic predisposition can be one of contributing factors to the increased incidence in the rural population.
